ABSTRACT The influence of supplemental oxygen on exercise performance was assessed in 17 patients with severe airflow obstruction. Exercise capacity was measured by the six minute walking distance, by an endurance walking test, and by an endurance cycling test and comparison was made with performance when the patient was breathing air. In addition, the relation between the flow rate of supplemental oxygen and cycling endurance time was studied. Portable oxygen (4 1 min-) carried by the patient increased the mean endurance walking time by 59% and the six minute walking distance by 17%. The endurance time for cycling at a constant work load was increased by 51% with oxygen at a flow rate of 2 1 min-', by 88% at 41 min-', and by 80% at 61 min-'. Supplemental oxygen prolonged the length of time that the patients were able to walk at a fixed speed. It also increased the mean speed achieved during a six minute walk but this was variable and did not occur in all the subjects. The benefit from supplemental oxygen was not cancelled by the effort of carrying the portable cylinder.
Introduction
Methods Supplemental oxygen may substantially increase exercise endurance in both obstructive'2 and restrictive34 lung disease. Recent studies, in which exercise ability has been judged by the distance covered during timed walks, have found the improvement achieved in patients with obstructive lung disease to be small' or even cancelled by the additional work of carrying the cylinder.6 Using a scoring system for breathlessness, Woodcock et als showed that portable oxygen conferred appreciable subjective benefit. These disparate results may have arisen from the types of exercise test used and the differing flow rates or concentrations of oxygen. Accordingly, the aims of the present study were (a) to examine the relation between the results of tests of endurance and of an exercise test with a fixed time component; (b) to determine the effect ofdifferent flow rates of supplemental oxygen on exercise performance; and (c) to determine what clinical features, if any, might help in the selection of patients for treatment with portable oxygen.
SUBJECTS
Seventeen patients whose exercise tolerance was limited by breathlessness secondary to severe chronic airflow obstruction were studied when in a clinically stable condition. Angina, impaired cardiac function, or locomotor disability that might contribute to exercise limitation resulted in exclusion from the study. Informed consent was obtained. The results of pulmonary function tests at rest are summarised in table 1.
OXYGEN DOSING STUDY
The effect of different flow rates of oxygen on exercise endurance was assessed on a cycle ergometer at a constant workload. To determine an appropriate exercise level a progressive exercise test was performed. Workload was increased by 25 watt increments at minute intervals and maximum workload (Wmax) recorded. Endurance was assessed at a workload of 50-70% Wmax as at this level exercise duration was restricted to about five minutes. Subjects sat with the nose clipped breathing through a low resistance valve (Hans Rudolf) connected on the expiratory side to a mixing chamber for mixed expired carbon dioxide and oxygen analysis (Capnograph and Servomex) and on the inspiratory side to a vane ventilometer 965 966 (P K Morgan). A tube 20 cm long and 5 cm in diameter was attached to the inspiratory limb of the vane ventilometer and into the distal end a constant bias flow (61 min-') was directed towards the ventilometer. By this means oxygen at different concentrations could be supplied to the subject without his knowledge. Accordingly, the bias flow composition was varied but was always at a flow rate of 6 1 min-'. Four conditions were tested-namely, zero (control), 2, 4, and 61 min-' oxygen. Dry gas was supplied from compressed air or oxygen cylinders. No attempt was made to measure inspiratory gas composition. To ensure that the ventilometer performance was unaffected by such an arrangement, preliminary experiments were performed in which ventilation was measured in five subjects at rest and at two levels of exercise. The ventilometer measurements, with and without the bias flow, were compared with each other and with ventilation measured by inductance plethysmography (Respitrace) . The difference between ventilation measurements with the ventilometer with and without the bias flow was under 10% and between ventilometer and Respitrace recordings under 15%. The mean values were not significantly different.
Continuous measurements were made of minute ventilation (tidal volume x frequency, VE, BTPS), heart rate, carbon dioxide production (Vco2, BTPS), and oxygen consumption (Vo2, air breathing) and haemoglobin oxygen saturation (HbSao2%, Biox III oximeter). No attempt was made to measure oxygen consumption during oxygen supplemented exercise. A computer (P K Morgan) provided breath by breath data, from which 30 second mean values were obtained. A subjective estimate of breathlessness was assessed by the visual analogue method, subjects being required to score breathlessness on a 10 cm line (marked at each end with "not at all breathless" and "extremely breathless") at one minute intervals, previous scores being hidden from the subject. The patients were encouraged to exercise for as long as was possible, the endurance time being noted at the end of cycling. Because of the importance of such Visual analogue scores for breathlessness were recorded at one minute intervals and the distance covered was noted. For the endurance walk the subject was instructed to walk as far as possible (at a pace "as though late for an appointment") and to stop when unable to go any further. The endurance time and distance covered were noted. Recovery time, assessed by asking the patients to indicate when they were no longer feeling breathless, was recorded for both walking tests.
PROTOCOL
Patients were studied when clinically stable, this being confirmed by spirometry and body weight. Conditions were standardised for time of testing, omission of bronchodilators, and absence of smoking. The patients fasted for at least two hours before each study. The studies were usually performed over three consecutive days, no more than two cycling tests and two walking tests being carried out in one day. The practice sessions were held during the previous week.
A recovery period of at least three hours was allowed between tests. The order of testing in both the oxygen dosing study and the walking tests was allocated randomly. For walking exercise the tests were performed double blind. For cycling endurance it was necessary for the investigator to determine the bias flow composition and this part of the study was therefore single (patient) blind. To ensure that this did not affect performance, care was taken to provide a similar degree of encouragement as detailed above. confirmed the constancy of VE and showed no evidence of a change in ventilatory pattern.
WALKING STUDIES
For the six minute walk in which patients carried oxygen the mean distance walked was 51 m greater than with air (17%; p < 001: fig 2, table 2 ). Five patients showed no benefit. The visual analogue scale score tended to be lower throughout exercise but was significantly reduced only for the six minute score (p < 0.01).
Greater benefit was seen from oxygen in the endurance walk, with a mean increase in distance walked of 167 m (59%; p < 001: fig 2, table 2 ), all but one patient showing some benefit. Endurance time was increased by a similar proportion (55%), so that patients walked further by walking for longer rather than walking faster. The distance walked in the two tests was closely related both for air and for oxygen (air:r = 077,p < OOOl;oxygen:r = 053,p < 005) but the range of performance in the endurance walk test was considerably greater, particularly when oxygen was used (fig 2) . Recovery time was reduced by breathing oxygen but the difference was significant only for the endurance walk (p < 005: 
Discussion
Previous studies in patients with severe airflow obstruction have found the degree of benefit from supplemental oxygen during exercise to be highly variable. In studies of similar patients Bradley et al' found performance to be increased by 52%, Woodcock et al s by 28%, and Legget et al6 by only 8%. The present study suggests that these differences relate, in part, to the type of exercise studied. For endurance exercise (walking or cycling) performance was increased by 51-88% and in the test assessing distance walked in six minutes a 17% improvement occurred. This conclusion is supported by the findings of Woodcock et al,5 who reported increases of 28% in endurance treadmill performance with oxygen compared with 8% in the six minute walk test. In the present study the improvement in the endurance walk resulted because patients walked for longer before stopping rather than at a faster speed. Indeed, Bradley et at has shown that oxygen increases the endurance of submaximal exercise but does not increase the maximum workload that can be achieved.
In a previous study the extra effort of carrying the gas cylinder was found to cancel the benefit provided by supplemental oxygen.6 On the other hand, Woodcock et aP reported that performance was equally improved by oxygen whether the cylinder was carried by the patient or by an assistant. In the present study the control walk was performed with air delivered from an identical portable cylinder and our findings Davidson, Leach, George, Geddes of ventilation,'4 7 which may alter central perception and lead to greater resistance to the discomfort of exercise. Until the factors that control exercise hyperpnoealS and their interaction with the subjective sensation of breathlessness'9 are more clearly defined, the explanation of the beneficial effect of supplemental oxygen on exercise remains speculative.
In the present study, as with previous studies in obstructive lung disease,'256 factors such as vital capacity, degree of airflow obstruction, exercise tolerance, and extent of desaturation were not found to relate to the benefit resulting from oxygen. Oxygen improved the endurance walk more consistently than the six minute walk. The inverse correlation between change in endurance walking distance and Kco (fig 3) suggests that this measure of lung function might be useful in assessing which patients might benefit.
Multivariate analysis showed that Kco and Paco2, both inversely related to the improvement in the endurance walking test with oxygen, accounted for 70% of the variance; such a combination suggests that the "pink and puffing" type ofpatient is more likely to benefit. Although this combination might therefore be used as a guide to clinical selection, assessment should be offered to all patients with severe symptoms. In the present study four patients with preserved gas transfer (Kco 74-85% predicted) and carbon dioxide retention (PacA2 54-7-9 kPa) obtained considerable benefit with oxygen, endurance walking distance increasing by 46-110%.
In conclusion, the findings of the present study help to explain the variability in benefit reported in previous studies and confirm that considerable improvements in exercise tolerance may result from the use of portable oxygen in severe airflow obstruction. As benefit cannot be clearly predicted by the results of lung function tests or blood gas analysis, a trial of oxygen is warranted in any severely dyspnoeic patient. Portable oxygen therapy enables patients with severe airflow obstruction to walk further rather than faster. For such a trial therefore the endurance walk is as sensitive as a more formal assessment on a cycle ergometer and more reliable than the more commonly used six minute walk. 
